GENERAL  DOCUMENT 
EiaA0704-GD 

DESK3N  AND  PHKFCHtMANCE  OP  AN 
EYE-SAPE  LASER  RANGEPINDER 


Werner  RiA>ian,  Kennedi  J.  Grant  and  Shane  A.  Brunker 


APPROVED  FOR  PUNJC  RELEASE 

t  •MMIM  mUP 


iniiHiiijiiliiiiii 

UNCLASSIFED 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FOKNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
COLOR  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY  ON  BLACK 
Aim  WHITE  MICROnCHE. 


IS  II 


ELBCTRONICS  RESEARCH  LABORATORY 


Electronic  Warfare 
Division 


Accesion  For 


NTIS  CRA&I 
OTIC  tab 
U.-iaitiiou,.Led 

Juotiticanori 


[SdC  QDAUTY  mSPECTBD  8 


DESIGN  AND  FEREOKMANCE  OF  AN 
EY&SAFE  LASER  RANGEFINDER 


Weme'  Fabian,  Koineth  J.  Grant  and  Shane  A.  Brunker 


SUMMARY 

An  e3re-safe  laser  rangefinder  has  been  derigned  and  constructed  for  use  in  sigiuiture 
meaoiaeinent  applications.  Itisba8ed<manaUuin^as8]aserc^)eTatingatl.54Min,  and 
dunaeleiistics  qiecific  to  its  role.  The  design  parameters  are  discussed,  and  results 
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1  INTRODUCTION 

^  l(MKf  raofiAMNH'  hat  been  deigned  and  constructed  for  use  in  signature  measurement 

Die  unique  requiiements  of  this  application  prevent  the  use  or  adaptation  of 

(1)  a  reiativdiy  wide  field-of-view  <FOV)  of  50  mrad  (3°)  jn'ecludes  the  use  of  low  power 
ajmeons  ua^  in  survey  woric,  and 

(2)  mflitary  rangefinders  are  not  designed  to  cope  with  a  FOV  greater  than  a  few 
BillUradians. 

This  rangefinder  is  a  variation  of  the  traditional  time-of-flight  system,  with  additional 
dtaracteihrtics  des^ned  ^Kdfically  for  its  rdle.  This  paper  discusses  the  design  parameters  of  the 
rai^efinder,  udiidi  to  partitioned  into  fiuee  major  sub-systems,  viz. 

(i)  laser  transmitter, 

(ii>  receiver,  and 

(iii)  ratge  counter  and  oontnddectronics. 

Hgure  1  is  a  {dtotc^raph  of  the  rangefinder  and  readout,  and  a  system  block  diagram  is  shown  in 
F^ure  2.  Results  are  ptesented  of  die  performance  and  accuracy  of  the  system. 


2  SYSTEM  DESCRIPTION 

The  transmitter  employs  a  flashlamp-pumped  Q-switched  erbium:glass  laser  operating  at  the 
'eye-safe'  vravdength  of  154  pm,  and  has  a  nominal  ocular  hazard  distance  of  zero  range  [1].  The  laser 
output  to  typically  10  mj  in  a  30  ns  full-wklth  at  half  maximum  (FWHM)  pulse,  corresponding  to  a 
peak  power  of  300  kW.  Because  the  laser  is  air-cooled,  the  repetition  rate  is  limited  to  0.5  Hz. 
Aldtough  liquid  cooling  can  increase  the  repetition  rate  limit  to  20  Hz  (2],  this  would  significantly 
increase  die  cwiqiiexitymd  cost  <rf  the  rangefindCT. 

The  neoeiver  sifo-system  oemsists  of  two  detector/am{difier  modules  with  range-activated  electronic 
switching  between  die  two.  The  cmly  difference  betwera  them  is  dte  diameter  of  the  collecting  fresnel 
lens.  The  near-fidd  signal  is  detected  by  a  15  mm  lens  with  a  3**  FOV,  but  for  distances  greater  than 
3  km  the  50  mm  aperture  widi  a  1*  FOV  to  used.  This  arrangement  has  suf>erior  performance  to  a  single 
receiver  and  alk^  sinqrler  opdes  to  be  used.  Although  the  lightweight  fresnel  lenses  are  less 
efficient  dtan  high  quality  glass  ones,  they  offer  acceptable  performance  at  a  lower  cost. 

A  more  conventional  laser  rangefinder  generates  a  narrow  output  beam  (typically  <  1  mrad),  and  this 
allows  moat  of  die  beam  to  be  projected  onto  the  target.  N^ecting  atmospheric  attenuation,  this 
raetms  diat  total  power  on  die  taiget  is  rar^  independent.  The  power  back-scattered  onto  the  receiver 
iqierture  fdlows  the  normal  invose  square  law  relationship,  and  hence  such  a  system  will  follow  an 
inverse  sqiaue  law  of  power  detected  versus  range. 

bt  die  present  system,  die  wide  beam  divergence  coupled  with  small  retro-reflector  gives  rise  to  an 
adifiticmid  square  law  rdathmship,  resulting  in  an  ovoall  inverse  fourth  power  relationship  between 
s^g^  powv  teid  range.  Tltis  is  doser  in  general  characteristics  to  a  radar  system.  The  two  receiver 
design  to  a  oonqmnntoe  vdddi  overemnes  some  of  die  difficulties  of  working  with  such  a  large  dynamic 
lange^by  ttsfng  a  lower  sentotivity  receiver  in  the  near  fidd. 
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ttimiii  nf  lirtwliiin  i>  ceapk^red,  and  range  teaohttion  is  one  clock  period  which  corresponds  to 

aaciHator  usi^.  Tlic  anint^  is  initiated  by  dw  fi^g  ot  the  laser,  and  under 
iiililli  a  latiVB  pube  b  detected  and  die  counter  stt^.  At  hrst  the  near-field  receiver  is 

.... ^  toggled  to  die  hi^  sensitivity  receiver.  The  range  is  displayed  on  an 
tedt  TMs  teUt  is  used  to  trigger  the  rangefinder,  and  alw  shows  the  status  of 
asaidlor  die  performance  of  die  system.  Trigging  may  be  single  shot  or 
elMlbipilfcldantebfO^Hz.  ProvtekMi  is  also  made  for  remote  triggering  and  monitoring  of  range  and 


ANoilite  ouaciaMan  range  is  United  by  die  counter  to  a  nominal  16  km.  but  in  practice  this  will  be 
dfNiniined  by  die  bac  and  duursctteiatics  at  die  retro-reflector  used.  Ranges  in  excess  of  11  km  have 
IteaB  inaMnrrd  using  a  38  mm  cwnerctfoe  and  reflective  tape.  In  die  far  field,  the  measured  ranges  are 
in  agwement  widi  the  surveyed  ones  to  widun  0.1%.  okails  of  the  rangefinder's  performance  are 

I^ren'-bafcnv . 


3  SYSTEM  PERFORMANCE 

The  tang^ndn  was  tested  at  the  Australian  Army's  Proof  A  Experimental  Establishment  at  Port 
Wafcefidd,  Saudi  Australia.  Thb  hm  points  which  have  been  surveyed  with  an  accuracy  of  ±1  cm, 
wHh  a  dear  lhie-<rf*s^|hl  in  excess  (rf  11  km.  Two  types  of  target  were  used,  viz.  a  38  mm  comer  cube, 
and  a  r$a^  of  sixes  of  reflective  tape  (3M  ‘Scotchlite*  Reflective  Sheeting  Diamond  Grade 
scries  3970G).  TMs  tape  b  simibr  to  die  type  used  in  traffic  control  signab. 

^uie  3a  shows  the  measured  dbtences  vosus  the  surveyed  ones,  for  each  of  the  targets.  The  plot  is 
lineal^  with  a  dope  of  almost  exactly  1.  It  was  possibb  to  rai^  out  to  11.6  km  using  the  comer  cul^  and 
lilortape.  The  differences  between  measured  and  sun'eyed  distances  are  I'lown  on  an  expanded  scale 
fo  ngme  3b.  Tliese  dbetepandes  are  partially  the  result  of  a  systema'i  error  in  over-estimating 
ditemoes  by  0fl7%,  which  b  due  to  die  dexk  frequency  of  150  MHz.  To  correspond  more  closely  to  the 
^ced  of  h^ht,  dib  frequency  dtould  be  149  J96  MHz. 


4  SUMMARY 

A  eye-safe  rangefinder  based  on  an  erbium-glass  laser  has  been  designed  and  constructed.  Thedesignis 
(^pthnbed  tot  aircraft  tracking  applications,  and  has  the  novel  design  features  of  a  relatively  wide 
FOV,  and  twin  reoeivcfB.  It  has  been  tested  in  a  static  situation  and  shown  to  have  an  accuracy  of 
better  dian  0.1%  in  the  for  field.  Distances  of  11.6  km  have  been  measured  using  a  comer  cube  and 
reflective  tape. 
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